Objective: Previous studies using the 1.0-mg dexamethasone suppression test (DST) in subjects with personality disorders have produced mixed results. However, these studies focused on major depression and did not consider the possible effects of the comorbidity of posttraumatic stress disorder (PTSD). PTSD has been shown to be associated with increased cortisol suppression. To investigate the effect of PTSD, the authors conducted a 0.5-mg DST, which is more sensitive than the 1.0-mg DST for detection of increased cortisol suppression, in a group of subjects with personality disorders.
Method:
Subjects with personality disorders (N=52) ingested 0.5 mg of dexamethasone. Pre-and postfasting blood samples were drawn for measurement of cortisol levels. A three-way analysis of covariance was used to test for the main effects of major depression, PTSD, and gender on percent cortisol suppression, with plasma dexamethasone concentration as a covariate. Secondary analyses assessed for main and interaction effects of age at which trauma(s) occurred and a diagnosis of borderline personality disorder.
Results: Neither major depression nor gender had a significant effect on percent cortisol suppression. Subjects with PTSD had significantly higher percent cortisol suppression than subjects with major depression. Age at which trauma(s) occurred and a borderline personality disorder diagnosis had no significant main or interaction effects on cortisol suppression.
Conclusions:
A high level of cortisol suppression was associated with PTSD in subjects with personality disorder. This finding is similar to published findings for PTSD subjects without personality disorders. Major depression, gender, age when trauma(s) occurred, and a diagnosis of borderline personality disorder did not have significant main or interaction effects on cortisol suppression. Mor e than 20 years ago, the high prevalence of depressive symptoms in patients with personality disorders led researchers to explore the relationship between affective disorders and borderline personality disorder by using phenomenological, epidemiological, and biological approaches (1) . As the number of readily available biological tools was small, investigators used the 1.0-mg dexamethasone suppression test (DST), which had been found to demonstrate cortisol nonsuppression (postdexamethasone cortisol level >5 µg/dl) in approximately 40%-60% of depressed subjects. This test was used in studies of subjects with personality disorders (primarily borderline personality disorder) in an attempt to examine the biological interface between affective disorder and personality disorder. The results were equivocal and did not support the conclusion that borderline personality disorder was biologically similar to major depression (2) .
Over the past few decades, it has become recognized that approximately 70% of individuals with personality disorders report a history of severe childhood abuse (3) (4) (5) (6) (7) (8) . Approximately 30% of subjects with personality disorders also meet the diagnostic criteria for posttraumatic stress disorder (PTSD) (9, 10) . In view of these findings, some investigators have suggested that individuals with borderline personality disorder or related personality disorders who have childhood trauma histories should more parsimoniously be viewed as having a variant of PTSD, which they termed "complex PTSD" (4-6). Thus, it is tempting to apply the DST to examine the biological interface between personality disorders and PTSD. Since PTSD is associated with DST findings that are essentially the opposite of those in major depression, the question of the interface becomes more compelling, particularly as both current major depression and current PTSD can be considered as independent variables.
The DST provides a measure of hypothalamic-pituitaryadrenal (HPA) axis negative feedback sensitivity. HPA axis findings in major depression include: increased baseline cortisol (11) , increased 24-hour urinary cortisol excretion (12, 13) , decreased cortisol suppression after ingestion of 1.0 mg of dexamethasone (14) (15) (16) , and decreased glucocorticoid receptor density on peripheral lymphocytes (17, 18 ). Among subjects with major depression, the findings are most robust in those with psychotic or melancholic depression.
In contrast, subjects with PTSD show lower levels of plasma cortisol than normal comparison subjects (19) , decreased 24-hour urinary cortisol excretion (17, (20) (21) (22) (23) , and increased density of lymphocyte glucocorticoid receptors (18, 24, 25) . As designed, the 1.0-mg DST is optimized for the detection of decreased HPA axis feedback sensitivity. By decreasing the dexamethasone dose from 1.0 mg to 0.5 mg, the DST is made more sensitive for the detection of increased HPA axis feedback sensitivity. Using a 0.5-mg DST, several studies have found that subjects with PTSD display enhanced suppression of cortisol, compared to both nontraumatized and trauma-exposed subjects without PTSD (18, (24) (25) (26) (27) (28) (29) (30) .
Borderline personality disorder has been the most frequently studied personality disorder in research on HPA axis variables. Some studies have reported low rates of cortisol nonsuppression (2, (31) (32) (33) , whereas others have reported high rates of cortisol nonsuppression (34-37) after the 1.0-mg DST. Although the subjects were evaluated for major depression, trauma history/comorbid PTSD was not evaluated and, therefore, was not included as an independent variable. A review of these studies found that nondepressed borderline personality disorder subjects were almost all suppressors of cortisol in response to the 1.0-mg DST, and subjects with comorbid borderline personality disorder and major depression had rates of nonsuppression lower than those of subjects with major depression alone (38) . The 1-mg dose of dexamethasone given in these studies was too high and not appropriate for detection of enhanced cortisol suppression.
We hypothesized that among subjects with personality disorders, those with comorbid PTSD would show enhanced cortisol suppression after a 0.5-mg DST. We also hypothesized that major depression would be associated with decreased cortisol suppression. On the basis of pilot data (39), we did not anticipate that borderline personality disorder alone would be associated with any effects on cortisol suppression.
Method

Subjects
After complete description of the study to subjects, written informed consent was obtained. The protocol was approved by the institutional review board of the Mount Sinai School of Medicine. Fifty-two subjects (12 women and 40 men) between the ages of 19 and 60 years (inclusive) participated in this study. Subjects were recruited by newspaper advertisements and from referrals from mental health professionals who were aware of the research program. All subjects underwent a comprehensive medical evaluation to ensure that they were free of major medical/endocrine disorders. None of the subjects was more than 20% over or under their ideal body weight. Most of the subjects had never been treated with psychotropic medications. The others had not been taking any medications, including oral contraceptives, for at least 1 month (3 months for fluoxetine). None of the subjects had current or past alcohol or drug dependence or had an alcohol intake that exceeded 1 pint a day of distilled liquor for 10 years or a halfpint per day for 20 years. None of the subjects met the criteria for substance abuse for at least 6 months before participation. Subjects with prior heroin or persistent cocaine use or with intravenous drug use were excluded from the study. Urine samples for toxicology screening were obtained from all subjects, and the screening was repeated if an index of suspicion for recent substance use was present.
Psychological Testing
After initial screening determined their eligibility, subjects were given a packet of self-report questionnaires. Trauma history was assessed in all subjects by using two instruments with good reliability and validity. The Trauma History Questionnaire (40) was used because it assesses a wide range of traumatic experiences, including childhood abuse, assaults, and natural disasters. Subjects were also given the Childhood Trauma Questionnaire (41), which reliably assesses and yields a severity score for five types of traumatic childhood experiences (physical neglect, emotional neglect, physical abuse, sexual abuse, and emotional abuse). The information from these two instruments was used by the clinical interviewers for their assessment of PTSD. For diagnostic assessment, subjects were interviewed by a graduate-level clinical psychologist using the Structured Clinical Interview for DSM-IV Axis I disorders (SCID) and the Structured Clinical Interview for DSM-III-R Personality Disorders. PTSD diagnosis by SCID testing was confirmed and PTSD symptoms were quantified by using the ClinicianAdministered PTSD Scale (42) . The Clinician-Administered PTSD Scale is a structured clinical interview that is given after the trauma history assessment, since the latter facilitates subjects' recollection of traumatic events. This instrument allows for a quantitative measure of symptom severity in each of the three symptom clusters and yields an overall symptom severity score. Twelve subjects did not complete the Clinician-Administered PTSD Scale. Subjects were also given the Beck Depression Inventory (43) for quantification of depressive symptoms.
Axis I and II diagnoses were established in a consensus meeting moderated by a senior clinician (J.S.). As we recognized the limitations of self-report data, we sought at least one interview of a family member for all participants. If we had any doubt about whether the subject met the inclusion criteria, the subject was not included in the study. Subjects who met the DSM-IV criteria or Research Diagnostic Criteria for schizophrenia or any schizophrenia-related psychotic disorders or for bipolar I disorder were excluded.
HPA Axis Assessments
On two consecutive mornings at 8:00 a.m., the subjects, who had fasted since midnight, reported to the General Clinical Research Center at the Mount Sinai Medical Center and at 8:15 a.m. had blood drawn and saved for analysis of cortisol level. Before leaving the General Clinical Research Center, each subject was given a 0.5-mg tablet of dexamethasone. The subject was telephoned at 10:55 p.m. and reminded to take the dexamethasone tablet. On day 2, the subjects returned to the General Clinical Research Center and at 8:15 a.m. had blood drawn for analysis of cortisol and dexamethasone levels. For female participants, no data were collected on the particular phase of the menstrual cycle at the time of the DST.
Cortisol level was determined by using a commercial radioimmunoassay kit (DiaSorin, Stillwater, Minn.). The inter-and intra-assay coefficients of variation were 4.0% and 6.8%, respectively. IgG Corporation (Nashville, Tenn.) radioimmunoassay kits were used for determination of dexamethasone concentrations. 3 
H-Dexamethasone was purchased from Amersham Pharmacia
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http://ajp.psychiatryonline.org Biotech (Piscataway, N.J.). The cross-reactivity of the antibody with cortisol was 0.04% and less than 0.01% with other endogenous steroids. The inter-and intra-assay coefficients of variation were 4.9% and 5.9%, respectively. All subjects had detectible dexamethasone concentrations in day-2 blood samples.
Data Analysis
Although directional hypotheses were stated, tests of significance were two-sided.
PTSD, major depression, and gender. The main analysis was a three-way analysis of covariance (ANCOVA) for the effects of current comorbid PTSD, current comorbid major depression, and gender on percent cortisol suppression, with plasma dexamethasone concentration on day 2 as a covariate.
Childhood and adulthood trauma. In a secondary analysis, the effects of criterion A traumas occurring during childhood and those occurring during adulthood were analyzed by using a threeway ANCOVA for main effects of PTSD, childhood trauma, and adulthood trauma, with dexamethasone concentration on day 2 as a covariate. Since the previous analysis did not find major depression and gender to have a significant effect on the dependent variable, they were not included in this analysis.
Borderline personality disorder. Since it has been suggested that there may be a unique relationship between borderline personality disorder and PTSD, we conducted a secondary analysis using a two-way ANCOVA to examine the effects of borderline personality disorder and current comorbid PTSD, with plasma dexamethasone concentration as a covariate. Again, since the primary analysis did not find major depression and gender to have a significant effect on the dependent variable, they were not included in this secondary analysis.
For all these analyses, there were no significantly heterogeneous regressions of the dependent variable on the covariates.
To assess gender differences for dichotomous and continuous variables, chi-square and Student's t tests were used, respectively. Partial correlation analyses, with dexamethasone concentration controlled, were used to assess for associations of percent cortisol suppression with continuous measures of severity of childhood trauma exposure (Childhood Trauma Questionnaire) and PTSD symptoms (Clinician-Administered PTSD Scale) among subjects who reported childhood or lifetime criterion A exposure, respectively.
Results
Clinical Characteristics of Subjects
Fifty-two subjects participated in this study (12 women, 40 men). The mean number of DSM-III-R personality disorders per subject was 2.4 (SD=1.6). Twenty-one subjects met the criteria for borderline personality disorder. Table 1 summarizes data on the subjects' demographic and biological characteristics.
Major depression. Eleven (21.2%) of the subjects met the DSM-III-R criteria for current major depression (five of these had melancholic-type depressions). An additional 18 subjects (34.6%) met the criteria for past major depression. There was no significant difference between female and male subjects in the rate of major depression. The mean Beck Depression Inventory score was significantly higher for subjects with current major depression (mean= 25.44, SD=11.24, compared with mean=12.94, SD=9.38, for subjects without current major depression) (t=3.44, df=43, p=0.001). Trauma and PTSD. Six subjects (12%) denied any history of a DSM-IV criterion A trauma, six subjects (12%) reported a criterion A trauma occurring only during childhood (four had PTSD), 24 subjects (46%) reported a criterion A trauma occurring only during adulthood (five had PTSD), and 16 subjects (31%) reported criterion A traumas occurring during both childhood and adulthood (seven had PTSD). In total, 46 (88%) of the subjects reported one or more criterion A traumas, which included childhood physical and sexual abuse, rape, torture, combat, violent assault, and motor vehicle accidents. Sixteen subjects (31%) met the DSM-IV criteria for PTSD. Eleven subjects (21%) had current major depression, and three of those subjects had comorbid PTSD. There were no gender differences in rates of criterion A trauma, childhood trauma, adulthood trauma, or PTSD. Current PTSD and major depression were not significantly associated.
Subjects with PTSD had a significantly higher total mean Childhood Trauma Questionnaire score (mean= 65.12, SD=17.33, compared with mean=52.44, SD=15.16, for subjects without PTSD) (t=2.66, df=50, p=0.01) and a higher total mean Clinician-Administered PTSD Scale score calculated as the sum of the current frequency score and current severity score for the 17 diagnostic symptoms (mean=65.55, SD=22.42, compared with mean=17.93, SD= 19.88, for subjects without PTSD) (t=6.53, df=38, p<0.0005). Female subjects had a higher mean Childhood Trauma Questionnaire score than male subjects (female subjects: mean=66.50, SD=22.84; male subjects: mean= 53.30, SD=13.38) (t=2.51, df=50, p<0.02). There were no significant differences in Clinician-Administered PTSD Scale scores associated with gender (female subjects: mean=33.88, SD=27.37; male subjects: mean=30.31, SD= 30.50) (t=0.30, df=38, p=0.77). A significant positive correlation was found between total Childhood Trauma Questionnaire score and total Clinician-Administered PTSD Scale score (r=0.40, N=40, p<0.02).
Effects on Cortisol Suppression
Gender, PTSD, and major depression. A t h re e -w a y ANCOVA was performed to assess the effects of PTSD, major depression, and gender on percent cortisol suppression, with plasma dexamethasone concentration as a covariate. All of the female subjects with major depression also had PTSD, so it was not possible to assess the threeway interaction or adjust the estimates of other effects for this possible interaction. The effect of gender was not significant. There were no significant interactions. The covariate, dexamethasone concentration, was significantly associated with percent cortisol suppression (F=9.64, df=1, 44, p=0.003).
Compared to subjects without PTSD, subjects with PTSD had a significantly greater percent cortisol suppression, with adjustment for plasma dexamethasone concentration. The mean percent cortisol suppression values, adjusted for covariates, were 63.0 (95% confidence interval
[CI]=54.3-71.8) for subjects without PTSD and 83.6 (95% CI=67.7-99.4) for subjects with PTSD (F=5.04, df=1, 44, p= 0.03).
Subjects with and without major depression did not differ significantly in percent cortisol suppression values, with adjustment for plasma dexamethasone concentation (F=0.04, df=1, 44, p=0.85). The mean percent cortisol suppression values, adjusted for covariates, were 73.1 (95% CI= 64.4-81.9) for subjects without major depression and 76.9 (95% CI=57.2-96.7) for subjects with major depression.
Childhood trauma, adulthood trauma, and PTSD.
Results of a three-way ANCOVA showed that neither childhood history (F=2.07, df=1, 44, p=0.16) nor adulthood history (F=1.00, df=1, 44, p=0.32) of criterion A traumas had a significant effect on percent cortisol suppression. However, the effect of PTSD was highly significant (F=8.68, df=1, 44, p=0.005), and plasma dexamethasone concentration remained a significant covariate (F=9.20, df=1, 44, p= 0.004). None of the interactions were significant.
Borderline personality disorder and PTSD. By a twoway ANCOVA, the factor of borderline personality disorder was not significant (F=2.02, df=1, 47, p=0.16), nor was there an interaction effect of borderline personality disorder and PTSD (F=0.22, df=1, 47, p=0.64). After the effect of borderline personality disorder was controlled, subjects with PTSD still had significantly greater percent cortisol suppression, with adjustment for plasma dexamethasone concentration (F=8.39, df=1, 47, p=0.006). The mean percent cortisol suppression values, adjusted for covariates, were 78.9 (95% CI=70.1-87.7) for subjects without borderline personality disorder and 69.2 (95% CI=58.8-79.6) for subjects with borderline personality disorder.
Correlations Between Cortisol Suppression and Trauma Measures
There were no significant correlations of percent cortisol suppression with the total Childhood Trauma Questionnaire score or any of the five Childhood Trauma Questionnaire subscale scores. Further, no significant correlations were found between percent cortisol suppression and Clinician-Administered PTSD Scale total score or any of the three Clinician-Administered PTSD Scale subscale scores.
Discussion
In a group of outpatients with personality disorders, subjects with comorbid PTSD had a significantly greater degree of cortisol suppression in response to a 0.5-mg DST than subjects without comorbid PTSD. These findings suggest that PTSD is a separate disorder that can be comorbid with personality disorders. Secondary analysis further showed that increased cortisol suppression was associated with the presence of PTSD, regardless of whether criterion A trauma(s) occurred during childhood, during adulthood, or during both periods. Although the analysis would be challenging, it may be of interest in future studies to attempt to quantify the extent of both childhood and adulthood trauma to ascertain whether these factors exert a significant effect, apart from PTSD, on cortisol suppression after ingestion of dexamethasone.
As hypothesized, neither borderline personality disorder nor the interaction of borderline personality disorder with PTSD had a significant effect on cortisol response to the 0.5-mg DST, indicating that individuals with borderline personality disorder do not constitute a "special case" within the personality disorders in terms of HPA axis function. However, it is important to consider whether the factor of personality disorder, in itself, has a direct effect on cortisol suppression. This relationship could not be directly assessed in the current study, owing to the lack of a comparison group without personality disorder pathology. Pertinent data on percent cortisol suppression after a 0.5-mg DST is available from a prior study (18) . In the PTSD group in that study, the mean percent cortisol suppression was 89.7, compared with 73.4 for a non-PTSD group of nonpsychiatric subjects. Although personality disorders were not explicitly tested for, the normal comparison subjects were all high-functioning, employed individuals without a history of psychiatric problems. There were no significant differences in percent cortisol suppression between subjects with and without personality disorder among those without PTSD (t=1.11, df=48, p= 0.27) or among those with PTSD (t=1.08, df=28, p=0.29), indicating the absence of a personality disorder effect whether or not PTSD was present.
Postdexamethasone 8:00 a.m. cortisol level can also be used to compare current findings with previously published reports. If the primary analysis (three-way ANCOVA for main effects of PTSD, major depression, and gender, with plasma dexamethasone concentration as a covariate) is repeated with the 8:00 a.m. postdexamethasone cortisol level as the dependent variable, a significant effect is again found for PTSD (F=4.24, df=1, 44, p<0.05) but not for major depression (F=0.002, df=1, 44, p=0.96) or gender (F=0.02, df=1, 44, p=0.88). Data are available to allow current findings for this variable to be compared with those of three prior studies that had both PTSD groups and nonpsychiatric comparison groups with low levels of personality disorder pathology. These studies found 8:00 a.m. postdexamethasone cortisol levels for nonpsychiatric comparison subjects and PTSD subjects to be 3.91 µg/dl and 1.09 µg/ dl, respectively (18), 4.78 µg/dl and 1.78 µg/dl, respectively (25), and 3.22 µg/dl and 1.45 µg/dl, respectively (28) (nonweighted means=3.97 µg/dl and 1.44 µg/dl, respectively). These nonweighted means are similar to our current findings for mean 8:00 a.m. postdexamethasone cortisol levels of 4.42 µg/dl for subjects without PTSD and 1.39 µg/dl for subjects with comorbid PTSD (Table 1 ). An analysis of variance comparing our current findings with the three earlier reports did not indicate any significant differences among the four study groups for subjects without PTSD (F=0.70, df=3, 161, p=0.55) or for subjects with PTSD (F=   1.04, df=3, 161, p=0.38) . Again, these results support the assertion that the factor of personality disorder does not exert a significant effect on degree of cortisol suppression in response to the 0.5-mg DST.
It is noteworthy that just as the 0.5-mg DST is more sensitive for detection of increased HPA feedback sensitivity (increased cortisol suppression), reciprocally, it is less sensitive than the 1.0-mg DST for the detection of decreased HPA feedback sensitivity (decreased cortisol suppression). Because a lower dose of dexamethasone was used in this study, we were not able to categorize subjects by using the standard term "DST nonsuppressor." It may be that in subjects with personality disorders, major depression is associated with decreased cortisol suppression, but our test was not sensitive enough to detect this relationship. In this light, it would be of interest to repeat the current study by using both a 0.5-mg and a 1.0-mg DST. This design would allow associations with both increased and decreased cortisol suppression to be better explored.
We have avoided use of dichotomous terms such as "hyper-" or "hyposuppressor" because percent cortisol suppression and 8:00 a.m. postdexamethasone cortisol levels occur on a continuum, and we have not endeavored to designate numerical cutoff values for such categories on the 0.5-mg DST. Further, we do not want to foster the notion that, as a whole, either of our groups fall into a category that has classically been defined by endocrinologists as physiologically pathological.
In this study, the presence of current major depression did not have a significant effect on cortisol suppression. From prior studies using the 1-mg DST in patients with major depression, it may have been anticipated that comorbid major depression would be associated with a decrease in percent cortisol suppression. However, in studies of subjects with personality disorder (primarily borderline personality disorder), findings were quite mixed and patterns of negative feedback sensitivity were unclear. The current study findings offer a potential explanation-that prior studies of dexamethasone suppression in personality disorders (and many studies that included primarily subjects with major depression) did not analyze the effects of comorbid PTSD, which is associated with an opposite effect on cortisol suppression. The prevalence of PTSD in borderline personality disorder, for example, is approximately 30% (9, 10) , and the subjects with personality disorder in the current study had a similar rate of PTSD. The increased suppression of cortisol in response to dexamethasone associated with comorbid PTSD in subjects with personality disorder adds a confounding effect that interferes with assessment of the effect of personality disorder.
Typically, findings of decreased cortisol suppression in major depression are more robust in cases of severe major depression such as the psychotic or melancholic major depressive subtypes. Substantial proportions of subjects with personality disorders often experience "atypical" ma-jor depression, which is less frequently associated with decreased cortisol suppression. The fact that 50% of the subjects with comorbid major depression in this study had a melancholic-type depression mitigates the possibility that major depression subtype was a confounding factor. An interesting possibility indicated by a previous study (44) is that there are significant neuroendocrine differences between patients with major depression who have a history of trauma and patients with major depression who do not have a trauma history. The data from only the depressed subjects without PTSD in the current study (N=8) are examined with ANCOVA, with plasma dexamethasone concentration as a covariate, the difference in percent cortisol suppression between subjects who did (N=5) and did not (N=3) endorse a past DSM-IV criterion A trauma approached significance; subjects without a trauma history had lower cortisol suppression (mean=50.33, SD=52.55, versus mean=73.58, SD=26.70 for subjects with a trauma history) (F=5.53, df=1, 5, p=0.07). The earlier study (44) did not evaluate subjects for PTSD but rather divided subjects into groups on the basis of severity of trauma history. Ideally, it would be desirable for future studies to have sufficient power to evaluate the effects of PTSD and major depression and the effect of trauma history within subjects with major depression.
